ABSTRACT. The effects of intrauterine stress and birth asphyxia on the plasma concentration of P-endorphin (P-E) in cord blood and in venous blood at the age of 2 h was investigated in newborn infants. Term infants with acute birth asphyxia (n = 11), infants born to mothers with preeclampsia (n = 15), and prematures with respiratory difficulties (n = 4) were entered into the study. Twenty control infants were studied; 12 were born after spontaneous delivery and eight after elective cesarean section. After normal spontaneous delivery, the plasma 8-E level decreased significantly, the median values being 17 pmol/ liter at birth and 9.3 pmol/liter at the age of 2 h, whereas after elective cesarean section it remained unchanged (13 and 13 pmol/liter, respectively). In acute asphyxia the plasma P-E level varied widely at birth, from 9.7 to 108 pmol/liter. At the age of 2 h, the P-E level was high (26 to 83 pmol/liter) in those asphyctic infants who required prolonged mechanical ventilation, but it fell to the range of 1.6-13 pmol/liter when the infant recovered rapidly. The P-E level was not increased in the preeclampsia group, not even in small for gestational age infants. In preterm newborn infants with respiratory difficulties, a significant postnatal rise of plasma P-E level was found, the P-E value varying from 7.3 to 16 pmol/liter at birth and from 61 to 168 pmol/liter at the age of 2 h. These results indicate that increased P-E secretion is associated with respiratory difficulties in the newborn infant. (Pediatr Res 20: 577-580, 1986) 
by fetal asphyxia (9) . In newborn infants, naloxone reduced the decrease in ventilation induced by hypoxia (10) . These findings suggest that increased endorphin activity plays a role in fetal distress and in neonatal respiratory difficulties.
Data available on the relationshop between neonatal disorders and plasma /3-E level are very limited (5) (6) (7) (8) . The aim of the present study was to evaluate if the newborn infant responds with 0-E secretion to chronic placental insufficiency, acute birth asphyxia, and neonatal respiratory difficulties.
MATERIALS AND METHODS
Subjects. Thirty patients and 20 control infants were selected for the study. The birth asphyxia group consisted of 1 1 term infants with acute birth asphyxia, born after normal pregnancy and spontaneous labor (group A). Fetal cardiotocography had shown abnormal findings: late or variable decelerations or slow fetal heart rate (below 100 bpm for at least 5 min). The criterion for enrolling in the study was an Apgar score of 6 or less at 1 min (n = 6), or an umbilical cord arterial pH of 7.05 or less ( n = 5). Their mean birth weight was 3740 + 627 (SD) g, being appropriate for gestational age in 10 infants. One infant was large for date. Immediately after birth eight infants needed mechanical ventilation (cases 1-8, Table l) , and four (cases 1-4) still required it at the age of 2 h. Two infants (nos. 5 and 6) had tachypnea, defined as a respiration rate over 60/min and an Froz of over 0.30. The remaining five infants did not shown any respiratory difficulties at the age of 2 h. Blood pH was below 7.25 in three infants (cases 1, 3, and 9) at the age of 2 h. Case 1 died on the 1 st day due to septicaemia.
Infants born to mothers with preeclampsia were selected as a risk group with respect to chronic placental insufficiency and intrauterine asphyxia (group B). The criterion for enrolling in the study was maternal blood pressure over 140190 mm Hg with proteinuria (>I g/day). All the 15 infants were delivered by elective cesarean section, and 1 1 infants were born prematurely. The indication for cesarean section was an abnormal fetal heart rate in seven cases (nos. 1 and 4-7, 9, 10; Table 2 ) and severe preeclampsia in the remaining eight cases. The birth weights of eight infants were appropriate for the gestational ages, and of seven infants below -2 SD (1 I), Only one infant (no. 2) needed assisted ventilation immediatly after birth and no infant needed it at the age of 2 h. Five infants (cases 1-3, 6, 9) had tachypnea. In all cases blood pH exceeded 7.25 at the age of 2 h.
Four appropriate for gestational age premature infants, born at 27-32 wk of gestation, and developing respiratory difficulties, were included in the study (group C). They were all delivered by elective cesarean section, because of polyhydramnion in a twin pregnancy (cases 1 and 2, Table 2 ) and premature rupture of membranes in cases 3 and 4. Infants 1 and 2 needed assisted ventilation immediately after birth and at the age of 2 h because of hyaline membrane disease, while infants 3 and 4 developed tachypnea. The blood pH was normal in all infants at the age of 2 h. The brains of all study subjects were examined by ultrasonography and no intracranial hemorrhage was found.
Control infants. In order to reveal any possible effect of the mode of delivery on the neonatal plasma concentration of P-E, 20 term appropriate for gestational age infants were also studied: 12 infants were born spontaneously by the vaginal route with a mean gestational age of 39.7 + 1.4 (+SD) wk. Eight infants were delivered by elective cesarean section under epidural anesthesia because of breech presentation or contracted pelvis; the mean gestational age of these infants was 39.1 + 0.7 wk. All these 20 pregnancies were uncomplicated, and cardiotocography did not reveal any abnormal findings antenatally or during labor. The Apgar score at the age of 1 min varied from 8 to 10, and the umbilical arterial blood pH was 7.18 or more which was considered to be normal. Their postnatal condition was good.
Collection of blood samples. Immediately after birth, the umbilical cord was clamped at the maternal and fetal ends, and the arterial and venous blood was separately aspirated into heparin- ized syringes. Blood gas analysis was done in arterial blood within 10 min. For the P-E assay, 3-5 ml of venous blood was collected in polyethylene tubes containing 5 pl of heparin and 25 p1 of a protease inhibitor, aprotinin, per 1 ml of blood. The tubes were centrifuged at +5" C, and the plasma was stored at -18" C until analyzed. A venous blood sample was taken from the infant at the age of 2 h for 0-E assay and for blood gas analysis. P-E endorphin assay. A specific P-E assay was used as described in detail previously (12) . P-E was completely separated from Plipotropin and other cross-reacting endorphins by cation-exchange liquid chromatography. The fraction containing P-E was lyophilized and subjected to radioimmunoassay. The mean recovery of 6-E added to the plasma sample and carried through the procedure was 63%. The results were corrected for procedural losses. The coefficient of variation of replicate determinations of P-E was 13%.
Statistical analysis. The distribution of P-E values was skew and therefore logarithmic transformation was used before statistical analysis. Student's t test, the two-sample Wilcoxon test, and regression analysis were used in statistical calculations.
The study protocol was approved by the Ethics Committee of the Departments of Obstetrics and Gynecology and by the Children's Hospital. Before entry, informed consent was obtained from the mother.
RESULTS
In the control infants ( Fig. 1 ) the median concentration of P-E in the umbilical venous blood was 17 pmol/liter (range 5.1 -59 pmol/liter) after spontaneous delivery and 13 pmol/liter (6.8-23 pmol/liter) after elective cesarean section. At the age of 2 h, the median P-E values (ranges) were 9.3 (4.2-16) and 13 (7.9-36) pmol/liter, respectively. No statistically significant differences were found between the groups at birth or at the age of 2 h. However, the postnatal change of plasma (3-E levels showed a significantly different pattern between these groups. In the vaginal delivery group the plasma P-E level decreased significantly ( p < 0.01), whereas no change was found after elective cesarean section. In the infants with acute birth asphyxia (group A, Fig. 2 ) the median P-E level was 2 1 pmol/liter at birth and 1 1 pmol/liter at the age of 2 h. No statistically significant difference was found in the cord P-E level between the asphyctic and the control infants delivered by the vaginal route. The postnatal change showed a similar decrease in the five infants (nos. 7-1 1, Table  1 ) without respiratory difficulties as in the controls. However, the six infants with respiratory difficulties differed in their postnatal changes of P-E level from the five infants with normal respiration ( p < 0.02) as well as from the controls ( p < 0.001).
In the four infants (nos. 1-4, Table 1 ) who needed prolonged assisted ventilation, plasma (3-E level at the age of 2 h exceeded the mean +2 SD of the controls, whereas no postnatal change was found in the two tachypneic infants (nos. 5 and 6).
In the asphyctic infants, no significant correlation between the cord plasma level of P-E and the I-min Apgar score was found (Table 1) . A negative correlation was found between the cord plasma level of P-E and the 5-min Apgar score (r = -0.60, p < 0.05). No significant correlation was found between pH and the P-E level in cord blood, but at the age of 2 h, there was a negative correlation between pH and P-E level (r = -0.73, p < 0.01).
In the infants born after preeclampsia pregnancy (group B), Fig. 2 ), the median P-E level was 8.1 pmol/liter at birth and 14 pmol/liter at the age of 2 h (Table 2) . No significant differences were found at birth or at the age of 2 h between the preeclampsia group and the control infants delivered by elective cesarean section. Postnatal changes of P-E levels showed a great individual variation, with an increase in four (nos. 2, 3,6, and 9) of the five infants with tachypnea. The plasma P-E level did not differ between the seven small for gestational age infants and the remaining eight appropriate for gestational age infants at birth or at the age of 2 h. There was no correlation between P-E and pH, neither did the cord P-E level correlate with Apgar score or gestational age.
In the preterm newborn infants (group C, Fig. 2 ) with respiratory difficulties the median P-E level was 9.6 pmol/liter at birth and 94 pmol/liter at the age of 2 h. P-E levels at birth were Fig. 2 . Postnatal changes of plasma (3-E levels in infants born with birth asphyxia (group A), after preeclamptic pregnancy (group B), and in prematures with respiratory difficulties (group C), A, assisted ventilation needed; e, no ventilatory assistance; UV, the umbilical venous sample; Zh, the sample taken at the age of 2 h. similar to those in the term control infants delivered by cesarean section, but had increased at the age of 2 h significantly, exceeding the mean +2 SD (42 pmol/liter) of the controls. DISCUSSION We determined P-E with a specific method where other crossreacting endorphins, e.g. P-lipotropin, a-and y-endorphin, were first separated by liquid chromatography before radioimmunoassay (12) . In most of the newborn infants studied at the age of 2 h the P-E level exceeded the mean value in the adults (4 + 0.6, SE) with a greater individual variation than in adults. The coefficient of variation of replicate determinations of P-E in plasma was 13%. This implies, that the great variation in the plasma P-E level among the infants studied is individual rather than methodological. We used cord venous blood for the P-E assay, because we were not able to obtain a sufficient amount of cord arterial blood. In one earlier study P-E level was found to be higher in cord arterial than in cord venous blood (5), whereas in several other studies no significant differences were found (6, 7, 13, 14) . These findings suggest that the placenta does not seem to supply any significant amount of P-E into the fetal circulation, although P-E has been found in the placenta (15, 16) . A good correlation between cord venous and arterial P-E level has been found (6) suggesting that cord arterial level of 0-E may not reflect better fetal P-E than cord venous level. A great increase of P-E concentration in the maternal circulation occurs during labor (3, 4) , but this P-E probably does not cross the placenta. No data are available on the possible transplacental passage of 6-E, but a closely related peptide, corticotropin, was not found to cross the placental barrier (17) . The fetal pituitary contains large amount of P-E (18, 19) and is the most likely source of P-E in the fetoplacental circulation.
In contrast to the results of Wardlaw et al. (5) , no significant negative correlation between pH and the plasma P-E level in cord blood was demonstrated. However, such a correlation was found in asphyctic infants at the age of 2 h, but only three of 11 infants had acidosis. In the control infants without asphyxia, the mode of delivery modified the change of neonatal (3-E levels (Fig.  1) . These results suggest that there are other factors not related to asphyxia which influence the plasma P-E level in newborn infants. Increased immunoreactivity of P-E was reported in amniotic fluid in pregnancies associated with intrauterine growth retardation (20) , but this could not be confirmed in a later study (21) . In the present study, chronic placental insufficiency with intrauterine growth retardation was not associated with increased release of P-E into the fetoplacental circulation.
We found that in healthy control infants the plasma P-E level decreased significantly after spontaneous vaginal delivery (Fig.  1) as well as in asphyctic infants who recovered rapdily and did not have any respiratory difficulties (Fig. 2) . In all infants who needed mechanical ventilation at the age of 2 h, the plasma P-E level exceeded the upper normal limit calculated in the control group of healthy infants at that age. Moreover, the evidence of sustained P-E release was also found in term infants who developed tachypnea. This shows that respiratory difficulties are associated with increased P-E release in the early neonatal period. Severe and prolonged asphyxia in these infants was probably an initiating factor, explaining the inverse correlation between the P-E level and pH at the age of 2 h.
In the preterm infants with respiratory difficulties, we found a 10-fold postnatal increase in the P-E level (Fig. 2) . A less significant increase was found in four of five infants with mild tachypnea in the preeclampsia group. Chronic placental insufficiency may, however, decrease the capacity of the pituitary gland to secrete P-E after birth. We and Moss et al. (7) did not find any correlation between gestational age and plasma P-E level at birth or in the early neonatal period. In cerebrospinal fluid, high concentrations of 0-E immunoreactivity have been reported in prematures and tachypnea or hyaline membrane disease, and comparison between premature and term infants did not reveal any significant difference (22) . These findings suggest that respiratory difficulties rather than prematurity are associated with the increase of postnatal P-E secretion in premature infants.
The localization of opiate receptors in the central nervous system suggests that endogenous opioid peptides take part in the regulation of vagal reflexes and pain sensitivity (23) . Injection of P-E into the central nervous system of dogs resulted in marked respiratory depression (24) . On the other hand, naloxone was found to reduce the respiratory depression in hypoxic newborns (10) . These findings suggest that the site of P-E action on respiration is the respiratory center. An association between elevated plasma level of P-E and respiratory disorders in the newborn infant was found in the present study. However, it is unclear whether increased release of p-E into the blood circulation reflects the level of the central nervous system, because P-E penetrates the blood-brain bamer poorly (25) . However, elevated concentrations of P-E irnmunoreactivity have been reported in newborn cerebrospinal fluid in asphyxia and in premature infants with apnea (22, 25) . We speculate that increased P-E secretion after birth might depress ventilation. However, the stimuli to this increased secretion remained unclear.
